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Abstract 
B y us ing a non-dendri t ic bis(oxazoline) copper(n) complex as catalyst, the 
solvent effect on the rate o f metal-catalyzed D ie l s -A lde r reaction was studied. A series 
o f solvents (or solvent mixtures), f r o m non-polar to polar one were employed. I t was 
f ound that the D ie l s -A lde r reaction proceed faster in non-polar solvent but slower in 
polar solvents. Literestingly, the D ie l s -A lde r reaction was the fastest in hexane but it 
was the only solvent where the reaction proceed i n heterogeneous medium. 
- A series o f polyhydrocarbon-based dendrit ic fragments were successfully 
prepared wi thout any defects by an iterative, convergent method. The iterative cycle 
started f r o m connect ing two isopentenyl moieties to the methylene carbon o f a malonic 
ester by a C,C-diaUcylative reaction, fo l lowed by a decarboxylat ion reaction to give a 
monoester dendron. Af ter three synthetic operations, the monoester funct ional i ty was 
converted into an aUylic derivatives which was used fo r the next iterative cycle. The 
solubi l i t ies o f these dM-sp^ hybr id ized carbon-centered polyhydrocarbon dendrimers in 
hexane increased gradually w i th increasing dendrimer generation. These dendritic 
fragments were fu l l y characterized by ^ H - N M R , l 3 c - N M R , mass spectrometry as weU 
as elemental analysis. 
i v 
摘 要 
我們用非樹形的偶嚼峻琳銅（ I I )作為催化劑研究了溶劑對金屬 
催化 D - A 反應速率的影潔。從非極性到極性的一系列的溶劑（或 
混合溶劑）被採用，從中我們發現 D - A 反應在非極性溶劑中比在 
極性溶劑中進行得快。有趣的是， D - A 反應在正己燒中進行得最 
快，而且正己虎是 D - A 反應能夠在其中進行非均相反應的唯一溶 
劑。 
我們採用循環收敛法制備了一系列沒有缺陷的以多碳氫化合物為 
基礎的樹形片段。每個循環都從通過。 ,〔 -二燒基化反應在丙二敌 
酯的亞甲基複上連接兩個異戊基部份開始，然後通過脫幾反應得到 
單醋半樹形分子，再經過三步反應，單醋官能團被轉化為烯丙基衍 
生物以為下一個循環所用 °這些全部以 s p 3 雜化碳原子為中心的多 
碳氫樹形分子在正己燒中的溶解性隨樹形分子的代數而增大。我們 
用 l H - N M R 、 l 3 C - N M R 、 質 譜 以 及 元 素 分 析 對 這 些 樹 形 片 段 進 行 
了表化。 
vii 
Abbrev ia t ions 
Anal. analyticaUy M e methyl 
br broad M H z megahertz 
b.p. bo i l i ng point m in minute(s) 
c concentration (gAnL) m L mil l i l i ter 
°C degree Celsius m M miUimoles per l i ter 
CaIcd calculated mmo l mi l l imole(s) 
Cp cyclopentadiene mol mol(s) 
d day(s) or doublet m.p. mel t ing point 
d d 、 doublet o f doublet M S mass spectrometry 
dt doublet o f tr iplet M W molecular weight 
D M F iV^-d imethy l fo rmamide m/z mass to charge ratio 
D M S O dimethylsul foxide N M R nuclear magnetic resonance 
E I electron impact Ph phenyl 
Et ethyl ppm parts per m i l l i on 
E tOAc ethyl acetate q quartet 
E t O H ethanol quin quintet 
Et2O diethyl ether Rf retardation factor 
F A B fast atom bombardment r.t. room temperature 
g gram(s) s singlet 
h hour(s) t triplet 
H R M S h igh resolut ion mass T H F tetrahydrofuran 
spectrometry 
H z hertz T L C th in layer chromatography 
J coupl ing constant T M S tetramethylsilane 
L -SEVIS l i qu id secondary ion mass U Y ultraviolet 
spectrometry 
m mult iplet 
M moles per l iter 
v i 
Chapter I Introduction 
1-1 General background of dendrimers 
Dendr imer is the name o f a new fami l y o f o l igomeric or po lymer ic materials. 
These are structural ly un i fo rm, h igh ly branched fractal- l ike macromolecules synthesised 
by i terative reaction sequences f r o m smaller monomer ic un i ts . ! F igure 1 il lustrates the 
two-d imens iona l pro ject ion o f a typical dendrimer. M o s t dendrimers are constructed in 
stages by repet i t ive synthetic cycles. As a result, a new generation is created after each 
reaction cycle. Dendr imer w i th one branching juncture attaching to the central core is 
referred to as the zeroth generation dendrimer (GO). A t tach ing two or more branch cells 
to the te rmin i o f GO produces the f i rst generation dendrimer (G1) . Repeti t ion o f this 
process provides dendrimers o f higher generation. 
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Figure 1. Schematic diagram showing the projection of a typical dendrimer 
Dendr imers d i f fer f r o m the classical randomly coi led linear po lymers in that 
they are h igh ly symmetrical，mono-disperse molecules w i th def ined shapes and sizes. 
W i t h the help o f modem synthetic strategies, i t is possible to contro l the size, shape, 
topo logy and surface chemistry o f dendrimers and to obtain various novel dendrimer 
structures w i t h unusual properties.^ 
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1-2 Synthesis of dendritic molecules 
One o f the most important breakthroughs in dendrimer chemistry in the past 
decade was the development o f novel synthetic methodologies wh ich enabled the precise 
contro l o f dendrimer architecture. Today, a number o f sophisticated synthetic armouries 
are available to us for exerting complete control over the size and shape o f a dendrimer 
as weU as its molecular cavities by varying the nature o f the dendrit ic branch and the 
branching juncture, and on the surface properties by proper selection o f the peripheral 
funct ional i ty . O n the other hand, one-step preparation o f dendrit ic molecules based on 
po lymer iza t ion o f [(fc)n*fr] typ® monomers are also known. A l though synthetically the 
latter approach is much more eff icient and less t ime consuming, i t invariably produces 
dendrimers o f h igh polydispersi ty and w i th substantial skeletaJi defects.^ Hence, 
structural ly perfect dendrimers w i th h igh pur i ty and narrow polydispersi ty are usually 
prepared under control led polymerizat ion condit ions us ing iterative synthetic 
procedures. 
1-2-1 Divergent method 
The divergent synthetic approach o f dendrimers was developed in the late 
seventies by several key contributors such as VogtIe,^ Denkewalter,4 Tomalia^ and 
N e w k o m e . 6 The pr inciple o f this method involves the addit ion o f monomer units f r o m 
the central core towards the periphery, whereas branching is encouraged via a series o f 
repetitive addit ion and activation steps wh ich mul t ip ly the number o f branches. This 
method is characterized by the rapid increase in the number o f reactive groups at the 
periphery o f the growing macromolecule. 
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Figure 2. Divergent synthetic strategy of dendrimer 
Figure 2 illustrates the typical g rowth o f a dendrimer by the divergent approach。 
The ini t ia l central core is a mult i funct ional moiety c.( fr)m wh ich can react with 
b i funct ional monomer units [fc*(fp)n» n ^ 2 ] ^ to give the f i rst generation (G1) dendrimer 
c*(fp)mxn. ^ reaUty, only one o f the functionali t ies [f。] is capable o f f o rm ing a linkage 
to [ f r ] whi le the protected funct ional group [fp] remains inert under the coupl ing 
condit ions. A f te r condensation o f the monomer w i th the f i rst generation dendrimer, the 
surface functionalit ies, [fp], can be converted to the reactive moieties [ f J fo r further 
coupl ing w i t h addit ional monomers to give a G2 dendrimer c*(fp)mxnxn. Repetit ion o f 
this process al lows rapid growth i n the number o f surface groups on the periphery while 
the radius o f the dendrimer increases in an arithmetic fashion. A geometric consequence 
o f this re-iterative step-growth is that the radial length o f the dendrimer increases l inearly 
whereas the total volume occupied by the surface groups accumulates exponential ly as a 
funct ion o f generation. As a result, a sel f - l imi t ing size (generation) wiU occur fo r any 
dendrimer series once the surface groups are too congested fo r further growth without 
creating structural defects. 
Because the number o f terminal functional groups increases abruptly with 
increasing generations, incomplete reaction o f all o f the terminal groups is a potential 
3 
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risk. Consequently, the occurrence o f structural defects, especially fo r higher generation 
dendrimers, is virtuaUy inevitable. I n addition, the large excess o f reagents which are 
required to force the reaction to complet ion may lead to d i f f icu l t ies in product 
pur i f icat ion. Nevertheless, the divergent method is the most eff ic ient and rapid 
procedure fo r the construct ion o f dendrimers o f h igh generation and hence is st i l l w ide ly 
used. Example o f dendrimers prepared by this approach are the polyamidoamine 
( P A M A M ) , 5 polyamide,8 poly(propylene i m i n e ) 3 ， 9 and organosilane^^ dendrimers. 
1-2-2 Convergent method 
The alternative convergent approach toward dendrimer synthesis was pioneered 
by Frechet i n wh i ch the preparation o f the dendrimer was propagated f r o m the periphery 
towards the central core.U This involves an iterative synthesis o f branching fragments 
to produce a focal point functional ised dendrit ic sector fo l lowed by a divergent core 
anchoring step to produce the target dendrimer. 
L i the convergent synthetic strategy, each successive generation is synthesised in 
stepwise fashion to produce a new dendritic fragment in wh ich a single reactive group 
[ f J located at the focal point o f al l branches is used fo r further growth (Figure 3). The 
surface funct ional i ty [A], is connected to the branching bi funct ionaI monomer [(fc)2*fp] 
to f o r m a dendrit ic wedge [(A)2*fp] containing two surface moieties. U p o n activation (fp 
—fr )， the reactive dendritic fragment [(A)2*fr] is then coupled to addit ional branching 
monomer to give a dendritic wedge o f a higher generation [(A)2x2*fp]. These dendritic 
wedges can be anchored to a central core [c*(fc)4]12 to give dendrimers o f various 
generation. I n contrast to the divergent approach, the low number o f possible side 
reactions and the readily controllable number o f reactive groups required fo r generation 
growth a l low the synthesis o f monodispersed dendrit ic molecules w i th a h igh degree o f 
4 
control . However , the convergent approach may suffer f r o m steric inh ib i t ion at the focal 
po int [ f J , part icular ly fo r the higher generation dendrit ic wedges. Examples o f 
dendr imer synthesis employ ing this strategy are the polyether,13 p o l y e s t e r l 4 and 
p h e n y l e n e a c e t y l e n i c l 5 dendrimers. Because this approach has a h igh degree o f control 
over the number and placement o f funct ional groups at the periphery as weU as in the 
inter ior regions o f the dendrit ic macromolecules, novel types o f dendrit ic layer-b lock 
and segment-b lock c o p o l y m e r s l 6 as weU as specific surface-functionalised 
d e n d r i m e r s l 7 c a n be prepared i n straightforward fashion. 
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Figure 3. Convergent synthetic strategy of dendrimer 
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Chapter H Functional dendrimers 
Ear ly research efforts in dendrimer chemistry were main ly devoted to the 
preparation o f dendrimer molecules o f h igh generation and large molecular mass. 
Emphasis i n this area has recently switched to the preparation o f dendrimer species wi th 
specific functionali t ies and their potential applications i n catalysis and biomedical 
applications. Through the jud ic ious selection o f dendrit ic bu i ld ing blocks and 
funct ional group moieties, i t is now possible to precisely control the physical and 
chemical behavior o f the result ing funct ional dendrimers. Today, a wide variety o f 
functionaUties, such as photochemically, electrochemicaUy, catalyticaIly active groups 
have been incorporated into a dendritic structure, g iv ing rise to new functional 
dendrimers w i t h novel properties. lb，f 
M o s t o f the funct ional dendrimers reported i n the literature can be classified into 
two structural categories. The f i rst category are funct ional dendrimers having a mult iple 
number o f funct ional groups located at the periphery o f the dendrit ic structure. Wh i l e in 
the secondary category, the funct ional dendrimers contain one single funct ional group 
encapsulated w i th in the dendritic matr ix. Bo th architectures have their own advantages 
and disadvantages. Wh i l e the former design al lows one to examine potential cooperative 
or allosteric behavior amongst the functionalit ies, the latter offers one to modulate the 
property o f the funct ional i ty by dendrit ication. 
I n addit ion to the two structural types described above, some functional 
dendrimers possess unusual properties due to a change o f the physical properties (e.g. 
solubi l i ty) conferred by the dendritic matr ix. For example, poly(propylene imine) 
dendrimers modi f ied wi th long hydrophobic chains {e.g. 1) self-assembled to f o rm 
stable monolayers having a cyl indrical shape i n water-air interface.l^ Linear 
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polyethylene g lyco l chains end-capped w i th hydrophobic polyether dendrit ic fragments 
(e.g. 2) underwent signif icant conformat ional transitions on swi tching f r o m one solvent 
system to a n o t h e r . l 9 Hence, the three dimensional conformat ion o f a dendrimer 
molecule can be mod i f ied due to the physical nature o f the dendrit ic fragments. 
\ \ \ \ \ W / / , 
\ \ � ° � N H ,N" NH NH^ ^ / 
^ A > v ^ O / y > 7 " v ^ 
^ ^ c v V Y > _ > ~ ^ ^ " ^ ^ ^ 一 
^ - ^ j > - - > ^ / ^ ^ - C ^ -
™ - ^ o p ^ . ^ / 、 ^ ^ ( < R r ^ ^ 
^ ^ ( A / \ � � � ^ ^ 
^ / f A ™ ; � A V ° f V \ ^ 
々/}描\ 
1 
q 9 9 9 9 p 
〜 ％ 。 Y 。？。 k 。 P 。 》 
o ^ o A Y ° V 众 力 
〜 五 。 々 。 > 。 五 力 』 
f \ ^ 0 ~ q 0 0^~O 
^ ( > C H a ^ 0 C H , C H , | ^ O - C H . ^ ^ 
tr^o 0 \ ‘ n 0 Qr\J 
o - o ^ Y ^ 4 , b � Y � 
c r V ° j A 人 & Y " ^ 
0 ^ ^ ~o a i o o i ^ o 0 ^ ^ X 5 




The main objective o f this research is to design a new synthetic route fo r the 
preparat ion o f a series o f polyhydrocarbon-based dendrimers wh ich may be used in the 
mod i f i ca t ion o f the solubi l i ty properties o f a bis(oxazol ine) funct ional i ty . Such nitrogen 
containing ligands, when complexed w i th copper(n) ions, have been shown to be 
effective catalysts for the D ie l s -A lde r reaction between a,p-unsaturated imides and 
conjugated d i e n e s . 2 0 I n this chapter we wiU f i rst report that the catalytic reactivity o f 
such bis(oxazoline)-based catalysts can be inf luenced according to their solubi l i ty in the 
solvent medium. Specif ical ly higher catalytic reactivity was noted when the reaction was 
conducted i n non-polar hydrocarbon solvents. W e wiU then continue to discuss the 
synthetic strategy and the construction o f these polyhydrocarbon-based dendritic 
fragments. Before we get into the details o f the solvent dependence o f catalyst reactivity, 
a review o f the literature work on catalytically active dendrimers w i l l be given in the next 
section. W e w i l l also summarize the literature wo rk akeady conducted on the synthesis 
o f polyhydrocarbon-based dendrimers. 
n_l Catalytically active dendrimers 
The design o f dendritic catalyst systems to mimic enzyme funct ions has been 
one o f the important developments in the dendrimer chemistry. Enzyme molecules, in 
contrast to man-made catalysts, are unique not only in their h igh substrate-selectivity and 
enantio-differentiating power but also in their h igh eff ic iency in catalyzing reactions w i th 
extremely fast turnover rates. The presence o f an active site w i th in a large enzyme 
molecule provides the requisite geometry which holds the reacting partners in close 
prox imi ty , thereby faci l i tat ing their union at extremely fast rates, wh i le the size and shape 
o f this catalytic pocket control the substrate and enantio-selectivity o f the enzymatic 
transformation. I n essence, the supremacy o f enzyme catalysts is due to their weU-
defined three dimensional structure. 
8 
^ j 
Dendr i t ic catalysts have attracted attention recently because they can be prepared 
w i th control lable topology and w i th specific fanctionaHties located at predetermined 
posi t ions w i th in the dendrit ic matr ix. CatalyticaQy active dendrimers reported in the 
l i terature can generally be classif ied into two broad classes. The f i rst are those in which 
the catalytic sites are incorporated at the periphery o f the dendrimer whi le in the second 
type, the catalytic site is encapsulated wi th in a dendrit ic envelope. W h i l e the former 
structure al lows one to examine potential cooperative or aIlosteric effect amongst the 
catalytic centers, the latter offers opportunit ies to modulate catalyst reactivity and 
selectivity by dendrif ication. 
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One typical example o f dendritic mult iple catalytic center systems was the one 
reported by Fo rd in 1994.21 I t was shown that polyether-based catalytic dendrimer 3 
terminated w i th mult ip le quaternary ammonium ions on the surface, cou ld accelerate the 
rates o f unimolecular decarboxylation o f 6-nitrobenzisoxazole-3-carboxylate and 
9 
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bimolecular hydro lys is o f p-n i t ropheny l d iphenyl phosphate catalyzed by o- iodoso-
benzoate. Moreover, positive catalytic cooperative effect was noted fo r the higher 
generation catalyt ic dendrimers, as compared to the lower generation analogous. 
MetaI lodendr imer 4 w i th aryl n ickel(n) centers located at the periphery o f a 
silane dendrimer provided another example o f mult ip le center cataIytic s y s t e m . 2 2 This 
dendrit ic catalyst system was found to be h igh ly effective i n p romot ing the Kharasch 
addit ion reaction o f polyhaloaUcanes to olef ins. I n a comparative kinetic study between 
the catalytic act iv i ty o f the dendrimer 4 and the monomeric complex 5，a 2 0 % reduction 
o f catalyst react ivi ty was noted for the former species. However, the recycl ing potential 
o f the dendrit ic catalyst 4 which is an important factor in large scale application far 
outweighs the reduction in reactivity. 
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Seebach reported the preparation o f chiral polyether dendritic l igands 6 having 
T A D D O L units on the dendrimer s u r f a c e . 2 3 Their corresponding t i tanium derivatives 
were capable o f promot ing the nucleophil ic addit ion o f diethylzinc to benzaIdehyde and 
the [3 + 2 ] cycloaddit ion between 3-crotonyl-1,3-oxazol idino-2-one and (Z)-iV-
10 
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benzyl idene-phenylamine iV-oxide. However, no s igni f icant improvement o f diastereo-
and enantio-selectivi ty was noted f o r this series o f catalysts, as compared to non-
dendr i t ic t i t a n o - T A D D O L derivatives. 
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L i i n i n g recently reported the synthesis o f two dendrimers 7 and 8 carry ing four 
and s ix concave pyr id ines structures, respectively, on their surface.^^ i n the base 
catalyzed competit ive acylation o f pr imary, secondary and tertiary alcohols wi th 
diphenyUcetene, both 7 and 8 showed better substrate selectivity towards pr imary 
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alcohols than po lymer ic analogs 10 and 11，although the selectivity was comparable to 
that o f a s imple analog 9. 
U s i n g the free-radical addit ion reaction o f pr imary phosphine to a v iny l 
phosphonate and subsequent reduct ion o f the adduct w i th L i A f f l 4 , D u B o i s reported the 
divergent preparation o f a series o f dendrit ic organophosphine l igands such as 12.25 
The dendr imer reacted w i th [Pd (CH3CN)4 ] (BF4)2 to produce metaIlated dendrimer 13 
wh ich catalyzed the electrochemical reduct ion o f CO2 to CO. Based on kinet ic study, 
both the catalyt ic act iv i ty and turnover number o f the dendrimer paral leled to those o f t h e 
monomer ic [Pd( t r iphosph ine) (CH3CN)]2+ unit, showing no posit ive cooperative effect 
amongst the pa l lad ium sites. 
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A dendrimer w i th 16 bidentate bisphosphine l igands on the outer surface was 
prepared by Reetz.26 U p o n complexat ion w i th transit ion metals, pal ladium-containing 
dendrimer 14 showed signif icantly higher act ivi ty than a model non-dendri t ic compound 
[n -C3H7N(CH2PPh2)2PdMe2] fo r the Heck coupl ing between bromobenzene and 
styrene. M o r e important ly, the dendrit ic catalyst 14 exhibited superior thermal stability. 
Lideed, in the case o f compound 14, practical ly no degradation was observed dur ing the 
coupl ing reaction whereas the Pd complex o f the parent compound underwent partial 
decomposi t ion w i t h the format ion o f sol id precipitates. 
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Placing a catalytic core group in the interior o f a dendrimer w i th the aim of 
modulat ing catalyst reactivity and substrate selectivity represents a second approach 
towards catalytic dendrimer design. A commonly used synthetic protocol is to append 
one or several dendritic fragments to the catalyticaUy reactive funct ional i ty. Us ing a 
convergent synthesis, Moore reported a series o f polyester dendrimers having several 
dendrons attached to the meta-ipositions o f 5,10,15,20-tetrakis-(3' ,5 '-dihydroxy-
phenyl)porphinatomanganese(m) chloride.27 These complexes have been examined for 
their potential as regioselective epoxidation catalysts. Us ing iodosylbenzene as the 
oxygen donor, the G2 catalyst 15 exhibited considerable selectivity towards the least 
hindered double bond o f unconjugated dienes such as 1,4-heptadiene and lemonene, 
13 
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when compared w i th the unsubsti tuted 5,10,15,20-tetraphenylporphyrinatoman-
ganese(m) cation. Simi lar ly, i n the epoxidat ion o f a mix ture o f 1-aIkene and 
cyclooctene, the same G 2 metal loporphyr in showed two to three- fo ld higher selectivity 
towards l -a lkenes, relative to the nondendri t ic catalyst. The increase i n selectivity was 
probably due to the increase o f steric hindrance o f the dendrit ic envi ronment. 
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I n 1995, Brunner prepared the f i rst series o f ch i ra l ‘dendr izymes’ 17 and 18 for 
use as enantioselective catalyst:s.28 The dendrit ic l igands were prepared by attaching 
several ( - ) - b o m e o l moieties to an 1,2-bis(phosphino)ethane uni t . The rate o f 
hydrogenat ion o f acetamidocinnamic acid was signi f icant ly enhanced when us ing an in-
situ prepared Rh-contain ing catalyst derived f r o m the expanded l igand 17, as compared 
to that derived f r o m a non-dendri t ic analog 16. However, i t was f o u n d that the rate o f 
the reaction was also dependent on the stereospatial arrangement o f the dendritic 
branches on the bis(phosphine) core. Hence the rate o f hydrogenat ion was retarded 
when a 2,5-branching catalyst 18，instead o f a 3,5-branched catalyst was used. 
Seebach also described the preparation o f a dendrit ic analog o f (5 ,5) - l ,4 -
bis(dimethylamino)-2,3-dimethoxybutane ( D D B ) 19. The target compound 20 was 
used as a mediator to improve the enantioselectivity o f the [2 + 2 ] cycloaddit ion o f 
ketene to chloral, nucleophil ic 1,4-addition o f thiolacetic acid to cyclohexenone and 
14 
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nucleophi l ic addi t ion o f bu ty l l i th ium to b e n z a l d e h y d e . 2 9 B o t h the enantioselectivities 
and yie lds o f these catalyzed reactions matched we l l to those mediated by D D B itself. 
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Al though higher generation chiraI dendritic catalysts tended to give products 
w i t h poor enantioselectivity, the chiral pyr id iny l alcohols (e.g. 21) synthesised by B o k n 
proved to be an e x c e p t i o n , � T h e s e dendrimers were prepared by tethering a chiral 
amino alcohol to a series o f polyether dendrimers and were used as l igands in the 
asymmetric diethyLzinc aDcylation o f benzaldehyde. N o signif icant changes in 
enantioselectivity ( - 8 8 % ) were found using ligands o f dif ferent generation. However, 
s l ight ly lower e.e.，s ( - 8 0 % ) were noted fo r higher generation catalysts when the 
catalytic loading was low. 
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Our research group has been engaged in a study o f the effect o f the size o f 
dendrit ic sectors on the reactivity o f a catalytic center. A fu l l picture o f kinetic and 
mechanistic study o f the D ie ls -A lder reaction between crotonyl imide 23 and 
cyclopentadiene 24 catalyzed by a series o f dendritic bis(oxazoline) l igands 22 in the 
presence o f copper(n) triflate had been conducted by Mak.31 T w o important 
mechanistic steps were identi f ied in this D ie l s -A lde r reaction. First, a reversible b inding 
between the catalyst and dienophile. Secondly, a rate determining bimolecular reaction 
between the catalyst~dienophile complex and the diene to f o r m the adduct 25 wi th the 
regeneration o f the catalyst. Based on kinetic studies, i t was established that a larger 
dendrit ic sector had a stronger destabilization effect on the b inding strength between the 
catalyst and the dienophile. On the other hand, the bimolecular rate constant remained 
the same f r o m GO to G2, but dropped suddenly for G3. These observation were 
rationalized by a fo ld ing back o f the dendritic sectors toward the catalytic uni t at G3, 
result ing in an exo- to an enJo-active site transit ion which hindered the approach o f the 
diene towards the cata lyst^ ienophi le complex (Figure 4). For earHer generations, due 
to the smaller size o f the respective dendritic sectors, the catalytic center remained 
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exposed to the surroundings and thus the bimolecular rate constant was insensitive to 
the dendrimer generation. 
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Figure 4. Transition from an exposed to a partially buried active site from lower generation to the 
third generation dendrizyme. 
n - 2 Polyhydrocarbon-based dendrimers 
Jn this project we wish to prepare a series o f polyhydrocarbon-based dendritic 
fragments to solublize h igh ly polar funct ional groups such as bis(oxazoline) or 
carboxyl ic acid in non-polar hydrocarbon solvents such as pentane and hexane. A 
search on the literature revealed only a handful o f polyhydrocarbon-based dendrimers. 
Amongst them the most commonly known are phenylene-based aromatic hydrocarbon 
dendrimers having ^p2_hybridized carbon centers. These dendrimers are soluble in 
most organic solvents such as T H F and toluene. However, their solubi l i ty property in 
hexane was not mentioned in the literature.l5'32 
Jn 1992, M i l l e r synthesised a series o f monodisperse aromatic dendrimers 31 -
33 having a large number o f benzene rings l inked symmetrically by a-bonds.^^ These 
compounds were prepared via the Suzuki coupl ing between arylboronic acids and aryl 
bromides. Hence, Suzuki cross-coupling o f the dibromide 26 wi th arylboronic acid 
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27 afforded the dendrit ic aryltr imethylsi lane 28 wh ich could be transformed in one step 
into an arylboronic acid derivative 29 by treatment w i th BBr3 fo l lowed by base 
hydrolysis. The arylboronic acid 29 were then anchored to a central core 30 to give the 
G 1 dendrimer 32. Likewise, polyarylene dendrimers 3 1 and 33 were constructed in a 
similar manner. These dendrimers were moderately to h igh ly soluble i n organic 
solvents such as T H F , toluene, CH2Cl2 or CHCl3 . Un l i ke the linear polyphenylene 
polymers, the solubi l i ty o f these materials d id not d iminish w i th increasing molecular 
weight. 
M o o r e later reported the synthesis o f polyphenylacetylene-based dendrimers 
such as 34 by palladium-catalyzed Sonogashira coupl ing chemistry between aryliodides 
and terminal a c e t y l e n e s . l 5 L i spite o f the h igh carbon content and stiffness o f these 
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molecules, they were extremely soluble in pentane. This was probably due to the 
presence o f the ^ r f - b u t y l end groups at the periphery o f the molecule. I t was noted that 
the solubil i t ies o f these dendrimers increased as the molecular size was larger than 15 
monomer units. 
M i i l l e n recently disclosed the synthesis o f a number o f polyphenylene 
dendrimers based on the D ie l s -A lde r cycloaddit ion between 3,4-bis(4-tr i isopropyl-
si lylethynylphenyl)-2,5-diphenylpenta-2,4-dienone 36 and 3,3 ’ ,5,5，-tetraethynyl-
b ipheny l 35.33 The t r i isopropyls i ly l groups o f the G 1 dendrimer 37 were removed 
us ing B u 4 N F and the result ing terminal acetylene 38 could undergo another [4 + 2] 
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cycloaddi t ion w i t h the cyclopentadienone 36 to polyphenylene dendrimer o f the th i rd 
generation 39. 
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Y u developed a synthetic route fo r construction o f polyphenylenevinylene 
dendrimers wi thout carrying any protection~deprotection chemistry.34 T w o different 
reactions, the Heck and Homer -Wadswor th -Enunons reactions, were alternatively 
ut i l ized to construct the vinylene linkages. Thus, reaction o f the aldehyde 40 wi th the 
bis(phosphonate) 4 1 under Homer -Wadswor th -Enmions condit ions afforded the 
arylbromide 42, which in tum, was treated wi th a d iv iny l compound 43 to af ford the 
aldehyde o f the second generation 44. Repetit ion o f the reaction sequence produce 
dendrimers o f higher generation. 
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Al ternat ive ly , Me ier prepared a series o f polyphenylenevinylene dendrimers 49 -
5 1 i n w h i c h the double bonds were f o rmed by the W i t t i g - H o m e r r e a c t i o n . 3 5 The 
bis(phosphonate) derivative 45 w i th a protected aldehyde funct ional i ty served as the 
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b u i l d i n g b l o c k f o r the synthesis o f dendrons such as 47 b y a W i t t i g - H o m e r coup l ing to 
the aromatic aldehyde 45. Polyphenylenevinylene dendrimers such as 49 - 5 1 were 
f ina l l y prepared by coupl ing o f the aldehyde dendrons o f various generation to a 
t r is(phosphonate) core 48. 
The f i rs t series o f 5p^-hybr id ized carbon centered po lyhydrocarbon dendrimer 
was reported by Newkome.^^ Tetrakis-(3-bromopropyl)methane 52, was chosen as the 
core f o r the construct ion o f cascade polymers. C o m p o u n d 52 underwent nucleophi l ic 
subst i tut ion w i t h d iethy l malonate to produce cascade dendrimer o f the next generation 
53. I n pr inciple, the aTkylation can be extended via several funct ional group 
t ransformat ions to produce the higher generation po lyhydrocarbon dendrimers. 
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Another polyhydrocarbon-based dendrimer 56 was reported b y Mendenha l l .37 
The compound was prepared by reaction o f 5- (3 ‘ ,3 ‘-dimethylbutyl)-5-chloro-2,2,8,8,-
tetramethylnonane 54 w i th t r is(3,3-d imethylbuty l )a luminum 55 in the presence o f 
methy l chlor ide at - 60oC. The compound 56 exists as hard crystals at r oom 
temperature. 
L i the next chapter, we w i l l present the results on the solvent dependence o f the 
rate o f the D ie l s -A lde r reaction as weU as the synthesis o f a new series o f sp^-
hybr id ized carbon center polyhydrocarbon dendrit ic fragments. 
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Chapter III Results and Discussion 
m - l Solvent dependence of the rate of Diels-Alder reaction 
For the b is(oxazol ine)^opper (n) catalyzed D ie ls -A lder reaction between a , P -
unsaturated imides and conjugated dienes, dichloromethane is usually employed as the 
reaction solvent. Earl ier work in our research group showed that the rate o f the reaction 
was solvent dependent.38 por example, ethanol was found to be a retardant for the 
metal-catalyzed D ie ls -A lder reaction. Furthermore, the rate retardation was 
concentration dependent; i.e” the higher the concentration o f ethanol, the slower was the 
reaction rate. 
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]n an attempt to look into the detailed mechanism of the Die ls-AIder reaction, we 
began to investigate the solvent effect on the rate o f the D ie ls -A lder reaction. A 
nondendrit ic bis(oxazoHne)^opper(n)complex 5731 was employed as a model catalyst 
to study the comparative kinetics o f the Die ls -A lder reaction. Ten different solvent 
systems were evaluated. Throughout the experiments, the crotonyl imide 23 and 
cyclopentadiene 24 were chosen as the dienophile and diene, respectively. The kinetics 
was monitored by gas chromatography for the appearance of D ie ls -A lder adduct 25 at 
specified t ime interval. Setting the rate of reaction in dichloromethane as 1.0，a table o f 
the init ial rate o f reaction relative to that conducted in dichloromethane was obtained 
(Table 1). 
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Table 1. Relat ive rate o f the D ie l s -A lde r reaction in di f ferent solvent systems 
艇 聽 丨 ^ 3 ^ ^ 塵 _ 麵 丨 : 麵 _ _ _ 謹 醉 
n-Hexane * 2.41 
Dichloromethane 1.00 
Toluene 0.88 
Carbon tetrachloride 0.60 
Acetone 0.54 
2 % Ethanol in hexane 0.53 
D ie thy l ether 0.23 
10 % Ethanol in hexane . 0.12 
Tetrahydrofuran 0.05 
Dimethyl formanude 0.01 
* Bis(oxazol ine) copper(n) complex is insoluble in hexane 
T w o interesting f indings were noted: f irst, the reaction rate was fast in non-polar 
solvents such as hexane. Second, the reaction rate was retarded in the presence o f polar 
solvents such as D M F and ethanol. Such f indings were consistent w i th the counter 
l igand effect described earlier by Evans39 and the mechanism proposed earlier by us.38 
Hence, in good donor solvents, the solvent molecules coordinated more strongly to the 
metal ion and hence disfavoured the format ion o f d ienoph i le^opper complex 58 
(Figure 5). 
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Figure 5. Solvent effect on the formation of dienophile^opper complex. 
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I n most o f the solvent systems studied above, both the catalyst and the 
dienophi le were soluble in the med ium and the reaction proceeded under homogeneous 
condit ions. L i hexane, however, both the copper complex and dienophile were not weU 
dissolved and ex is tedas je l ly - l i ke precipitates st icking on the wa l l o f the test tube and as 
such the D i e l s - A l d e r reaction was per formed under heterogeneous condit ions. 
K n o w i n g that the rate o f the heterogeneous catalytic D ie l s -A lde r reaction being 
the fastest i n hexane, we decided to investigate the kinetics o f a catalyzed reaction in 
hexane under homogeneous condit ions. Unfortunately, small bis(oxazol ine) ligands 
such as 57 are not soluble in hexane at aU. I n order to circumvent the solubi l i ty 
problem, we decided to append non-polar dendrit ic fragments onto the bis(oxazoline) 
un i t i n order to improve the hydrophobic i ty and solubi l i ty o f the l igands in hexane 
solut ion. Because the polyether dendrit ic l igands prepared by M a k ^ l were not soluble 
in hexane, therefore we decided to attach polyhydrocarbon-based dendrit ic fragments to 
the bis(oxazol ine) group to improve the solubi l i ty o f the species, l n the next section we 
w i l l present the detail o f the preparation o f a new series o f >yp3-hybridized carbon-based 
polyhydrocarbon dendrit ic fragments. 
m - 2 Synthesis and characterization of polyhydrocarbon-based dendritic 
fragments 
ni-2-1 Architecture of the dendritic fragments 
A t the start o f the project, we had to decide whether to use sp^- or sp^-
hybr id ized carbon skeleton for the construction o f our polyhydrocarbon-based dendritic 
network. As akeady reviewed in Chapter E, sp^-hyhhdized carbon networks had 
akeady been prepared by M i l l e r and Moore . Furthermore, the solubi l i ty o f such 
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polyphenylene-based and poly(phenylene)acetylene-based dendrimers in non-polar 
organic solvents were mainly due to the presence o f the tert-hutyl end groups on the 
periphery o f the dendrimers. Therefore, we beHeved that >yp3_hybridized carbon 
polyhydrocarbon-based dendritic networks wou ld have better solubi l i ty in hexane. 
The target polyhydrocarbon-based dendritic fragments consist o f three basic 
components: the surface group, branchingjuncture and connecting unit (Figure 6). A n 
isopentyl group is chosen as the surface group. The branching juncture is a C H 
methine group which gives a branching mult ipl ic i ty o f three. The l inker is a C 3 -
propylene chain wh ich is f lexible and long enough for the construction o f dendrons o f 
higher generations. The structure o f a G2 dendritic alcohol is also given in Figure 6. I t 
should be noted that the functionality at the focal point o f the dendrimer is required as 
an anchor for its attachment to the catalytic center o f interest. 
^ ^ 网 
" ^ S n |-^"^s.x^5 OH 
< ~ G2-alcohol 
branching juncture connecting unit 
Figure 6. Structures and basic components of the polyhydrocarbon-based dendritic fragments. 
I n the fo l lowing discussions, the synthesis o f the polyhydrocarbon dendritic 
sectors o f various generations wiU be described. The notation G^- f proposed by 
Frechet l l [^ adopted to designate the various dendritic molecules, in which ' G ^ ' refers 
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to the generat ion o f the dendr i t ic sector. The T refers to the func t iona l group located at 
the foca l po in t o f the dendri t ic molecules. 
m - 2 - 2 The i terat ive cycle 
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Scheme 1 . Iterative cycle for the production of dendrimers of different generation. 
The po lyhydrocarbon fragments were prepared by an iterative and convergent 
strategy (Scheme 1). Th is means that the dendri t ic branches were g r o w n f r o m the 
outside towards the focal core. The iterative cycle began w i th the connect ion two equiv. 
o f an al ly l ic haIide 59 to the methylene carbon o f d iethyl malonate by a double C-
alky la t ion reaction. The C = C bonds o f the resul t ing product 60 were then saturated in 
the presence o f 5 % P d - C and hydrogen to a f fo rd the saturated analog 61. I n principle, 
a saturated hal ide [Gn(CH2)3X] cou ld be used as a substitute fo r the allyHc halide 59 in 
the aUcylation reaction. However, saturated haIides usual ly show m u c h poor reactivity 
towards S ^ 2 subst i tut ion reactions than the corresponding allyHc analogs. Therefore 
we decided to use the aUyHc haIide f o l l owed by saturation o f the double bond. I n the 
convergent synthetic strategy, the g rowth o f dendrimer required one single reactive 
funct iona l group on the focal point , hence one o f the two ester groups was removed by 
K rapcho decarboxylation.40 T o avoid fur ther complications, hydrogenat ion o f the 
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double b o n d was carr ied out p r io r to the decarboxylat ion react ion as trace amount o f 
d i m e t h y l su l fox ide and d imethy l sul f ide carr ied over f r o m the decarboxy lat ion reaction 
may po i son the catalyst du r ing the hydrogenat ion process. T o complete the iterative 
cycle, the ester g roup was converted into an aUylic derivative 65 th rough a number o f 
steps. Th i s c o u l d be accompl ished i n three synthetic operations. First , the mono-ester 
62 was converted in to the corresponding aldehyde 63 by D f f i A L - H reduct ion. The 
aldehyde was then t ransformed in to the corresponding a,p-unsaturated ester 64 via 
W i t t i g o lef inat ion. F ina l ly , the ester g roup was reduced to the corresponding aUylic 
a lcoho l 65 w i t h D f f i A L - H . The aUyHc alcohol (or its corresponding haIide) may then 
be used f o r the next i terative cycle. 
ni-2-3 Synthesis of GO dendr imer 
E t o 2 c ^ c o 2 E t X X X < \ 
K . C , 67 V J L V 
Et02c c02Et ^ Et02c c02Et 
66 ‘ 68 (80%) 69 (88%) 
Scheme 2. Reagents: (i) NaOEt (2 equiv.)/EtOH; (ii) H�，10% Pd"C 
The synthesis began w i th the conunerciaUy available 1 -ch loro-2-methy l -2-
butene 66. O n treatment w i t h 2.0 m o l equiv. o f sod ium ethoxide, d iethy l malonate 67 
underwent a double C-a lky la t ion reaction w i t h the aUyHc chlor ide 66 to provide the 
diester 68 i n 80% y ie ld . The absence o f any signal f r o m 5 3.0 to 5 3.8 i n the ^ H - N M R 
spectrum o f 68 con f i rmed that the double C-aUcyation product 68 instead o f a mono-C-
aEcylation product was obtained. Furthermore, the quaternary carbon atom o f 
compound 68 exhib i ted a signal at 5 57.6 i n the l ^ C - N M R spectrum. Hydrogenat ion 
o f the aUcene 68 i n the presence o f 10% pal ladium-on-charcoal a f forded the saturated 
diester 69 as an o i l i n 88% yie ld. The signal at 5 4 .96 due to the olef in ic p ro ton o f the 
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starting material 68 disappeared in the ^ H - N M R spectrum o f the saturated diester 69. 
Furthermore, the two separate methyl signals at 5 1.59 and 5 1.68 o f the ^ H - N M R o f 
the starting material 68 merged to become a single doublet at 5 0.88 upon saturation o f 
the double bonds. 
ni-2-4 Construction of G1 dendrimers 
^ r^ ‘ ^ r ^ “ ^ r ^ 
S r “ kJ ； “ V 
E t O g C C O g E t 1 、 
COgEt H ^ 0 
69 70 (65%) 71 (63%) 
A A A A A A 
iii Y iv V V 
— ^ S ~ " ^ 1 \ 
C O 2 M e ^ 0 H O H 
73 (96%) 74 (96%) 75 
Scheme 3. Reagents: (i) DMSO, H2O, NaCl; (ii) DffiAL-H (1 mol equiv.); (iii) Ph3P=CHCO2Me 
72，THF; (iv) DffiAL-H (2 mol equiv.) 
Decarboxylat ion o f the diester 69 under Krapcho 's condition 
( D M S O / N a C l / H 2 O ) at 190oC afforded the monoester 70 in 65% yield. I n the ! H -
N M R spectrum o f the monoester 70, the multiplet signal appeared at 5 2.24 can be 
diagnosed as the a-methine proton. The relative integrations (6.0 : 1) o f the methyl 
doublet signal at 6 0.87 and the methylene proton signal (6 -4 .14 ) adjacent to the 
oxygen atom matched weU wi th the theoretical value which further substantiated the 
structural identity o f the monoester 70. The monoester 70 was then reduced by 
D D 3 A L - H (1.0 mol equiv.) in toluene-hexane mixture to give the corresponding 
aldehyde 7 1 in 63% yield. A small amount ( - 5 % ) o f the corresponding alcohol could 
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also be isolated f r o m the reaction mixture. The G O - C H O 7 1 showed the characteristic 
a ldehyde p ro ton signal as a doublet at 5 9.55 i n i ts ^ H - N M R spectrum. 
React ion o f the G O - C H O 7 1 w i th methyl( t r iphenylphosphoranyl idene)-acetate 
7 2 f u m i s h e d a 9:1 m ix tu re o f (E)- and (Z) - a,P-unsaturated ester ( £ ) - 7 3 and (Z) -73 in 
9 6 % y ie ld . The two geometrical isomers had di f ferent Rf values in th in layer 
chromatography and cou ld be separated by f lash chromatography. I n practice, they 
were not separated as a later hydrogenat ion reaction w o u l d convert them into the same 
compound . The fo rmat ion o f a,P-unsaturated esters 73 was evidenced by the presence 
o f t h e o le f in ic signals at 5 5.77 and 6 6.74 in its ^ H - N M R and also carbon resonance 
signals at 5 120.5 and 5 154.3 i n the l ^ C - N M R spectrum, respectively. 
O n treatment w i th L iAJH4, the a,p-unsaturated ester 73 cou ld be t ransformed 
in to a m ix tu re o f the allyHc alcohol 74 and saturated alcohol 75. However, the a ,P-
unsaturated ester cou ld be cleanly converted in to the aIlyHc alcohol 74 i n 6 9 % y ie ld by 
D f f i A L - H i n to luene-hexane mix ture . I n the ^ H - N M R spectrum o f 74, the presence o f 
a doublet s ignal at 5 4.10 attr ibuted to the a l ly l ic protons adjacent to the h y d r o x y l group 
con f i rmed the structural ident i ty o f compound 74. 
One interesting feature emerged as one examined the l ^ C - N M R spectrum o f 
the GO-diester 69 i n wh i ch the four magnet ical ly equivalent methy l groups appeared as a 
s imple singlet at 5 22.5. O n the other hand, i n the l 3 C - N M R spectrum o f the 
monoester 70，the t w o sets o f diastereotopic methy l groups gave two d i f ferent signals at 
5 22.4 and 6 22.6，even though the prochi ra l carbon center was 4 C - C single bonds 
away. Th is feature was also exhibi ted throughout the series o f homologous dendrons 
7 1 - 74. 
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Apar t f r o m the ^ H and ^ ¾ N M R spectral data, mass spectral results also 
prov ided evidence fo r the identities o f aU the aforementioned compounds. Hence, 
compounds 68 - 74 displayed their respective molecular ion peaks at 297 ( M + H + ) , 301 
( M + H + ) , 229 ( M + H + ) , 185 (M+)，241 ( M + ) and 211 (M+) , respect ively. 
ni_2-5 Construction of the G2 dendrimers 
Synthesis o f the G2-dendr imers was simi lar to the product ion o f the G1-
dendr imers f r o m the GO fragments. However, as the hydrophob ic i ty and steric 
bulk iness o f the G2-generat ion compounds were increased, some modi f icat ions to the 
or ig ina l react ion condit ions were necessary to faciHtate the reaction and to improve the 
product y ie lds. 
v - Y — ^ " K y 
OH CI EtO2C CO2Et 
7 4 7 6 7 7 
I n principle, the aIlyUc alcohol 74 cou ld have been converted into the 
corresponding aUylic chloride 76， fo l lowed by a double C-a lky lat ion w i th diethyl 
malonate to provide the G l -d ies te r 77. I n reaUty, the transformation was shortened by 
reacting the aUylic alcohol 74 directly w i th M e l d r u m ' s acid 78 f o l l ow ing Sh ing ' s 
procedure4l to give compound 79 in reasonably good y ie ld (48%) (Scheme 4). The 
l H - N M R signal o f the methylene protons in i t ia l ly adjacent to the hyd roxy l group o f the 
aHylic alcohol 74 was up- f ie ld shi f ted f r o m 5 4.10 to 5 2.69 upon the double C-
a lky la t ion reaction. L i the l ^ C - N M R spectrum o f compound 79, the signal located at 5 
55.7 cou ld be attr ibuted to the quaternary carbon atom. 
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Y — 0 ii 乂少 
\ — o > < o — 0 ^ 0 
OH 0 入 0 0 入 0 
74 79 (48%) 80 (86%) 
二 " " ^ ^ 丄 “ " ^ ^ — " " ^ ^ 
MeOgC COgH ’ , . 、 ^ COaMe 、OH 
81 (98%) 82 (52%) 83 (94%) 
i < ; K H ^ : < ; ^ 
A S \ 
COgMe 、OH 
84 (80%) 85 (96%) 86 (94%) 
Scheme 4. Reagents: (i) Meldrum's acid 78，PPh3, DIAD (ii) 1¾, 10% Pd-C; (iii) KOH, MeOH; 
(iv) DMSO, H2O, NaCl; (v) DffiAL-H (2 mol equiv.); (vi) PCC, CH2CI2； (vii) 
Ph3P=CHCO2Me 72，THF; (viii) DIBAL-H (2 mol equiv.) 
Hydrogenat ion o f t he double bonds in the G l - M e l d r u m ' s acid derivative 79 in 
the presence of 10% P d - C afforded the saturated analog 80 in 86% yield. The 
complet ion of the reaction was evidenced by the absence of any olefinic proton signals 
at 6 5.20 region in the ! H - N M R spectrum o f 80. Furthermore, a set o f multiplet 
signals appeared at 5 -1 .20 reflected the presence of the various CH2 groups of the 
polyhydrocarbon sectors. Treatment o f the G l - M e l d r u m ' s acid derivative 80 wi th 1.00 
mo l equiv. N a O H in methanol yielded a mixed acid~ester intermediate 81 in 98%. The 
structural identity o f compound 81 was conf irmed by two carbonyl signals at 5 174.1 
and 5 176.3 in its 1 3 C - N M R spectrum, indicating that two different types o f carbonyl 
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carbon, i.e. the ester and the carboxy l ic acid groups, were presented. A f te r 
decarboxy la t ion ( D M S O , H2O, NaC l ) , c o m p o u n d 8 1 was converted in to the monoester 
82 i n 5 2 % y ie ld . The structure o f the G l -monoes te r 82 was con f i rmed b y the retention 
o f t h e m e t h y l ester s ignal at 5 3.67 i n its ^ H - N M R spectrum and the disappearance o f 
the one o f the ca rbony l signals i n its ^ ^ C - N M R spectrum. 
D i r e c t t rans format ion o f the G l - C O 2 M e 82 in to the cor respond ing G 1 - C H 0 84 
p roved d i f f i cu l t . Reduc t ion o f t h e G l - C O 2 M e 82 w i t h D f f i A L - H (1.0 m o l equiv.) gave 
a m ix tu re o f the desired aldehyde G 1 - C H 0 84，the over-reduced alcohol G l - C H 2 O H 
83 and recovered start ing material. Because al l these compound had very s imi lar Rf 
values i n t h i n layer chromatography, product pur i f i ca t ion was a d i f f i cu l t task. Therefore, 
G l - C O 2 M e 82 was f i rs t reduced to the alcohol G l - C H 2 O H 83 b y 2.0 m o l equiv. o f 
D f f i A L - H , f o l l o w e d by ox idat ion o f the alcohol 83 by p y r i d i n i u m chlorochromate to 
a f f o rd the G l - a l d e h y d e 84 in 7 5 % overaU y ie ld f r o m G l - C O 2 M e 82. Fo r the G1-
C H 2 O H 83, the presence o f a doublet s ignal at 5 3.55 i n its i R - N M R spectrum could 
be attr ibuted to the methylene protons adjacent to the h y d r o x y l group. The structural 
ident i ty o f the G 1 - C H 0 84 was con f i rmed by the presence o f a doublet signal at 6 9.54 
d iagnosed as the aldehyde proton. Th is was fur ther supported by a very down- f ie ld 
carbon s ignal at 6 205.6 i n its l ^ C - N M R spectrum. 
S imi la r to the construct ion o f G 1 dendri t ic sectors, W i t t i g o lefmat ion was 
emp loyed to produce the G 1 a,p-unsaturated ester (E)-S5 i n 9 6 % y ie ld, t ic identa l ly , 
the a,P"Unsaturated ester 85 was produced almost i n pure (E) conf igurat ion. Th is was 
evidenced by the presence o f on ly one observable set o f o lef in ic p ro ton signals at 5 5.79 
and 5 6.75, w i t h a coupUng constant o f 15 H z . Subsequent reduct ion o f the ester by 
D f f i A L - H (2.05 m o l equiv. ) produced the G l - C H = C H " C H 2 O H 86 i n 9 4 % yield. The 
structure o f the aUylic alcohol 86 was characterized by the set o f o lef in ic signals at 5 
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- 5 . 5 0 and methy lene pro ton signals adjacent to the h y d r o x y l group at 5 4 .10 in its ^ H -
N M R spect rum. 
^ A < ^ i ^ ^ ^ w ^ 
\ ^ 0 0入0 
O H 
86 87 (40%) 88 (65%) 
Scheme 5. Reagents: (i) Meldrum's acid 78，PPh3, DD J^D; (ii) H�，Palladium black 
T o this end, the a l ly l ic a lcohol 86 was subjected to the M i t sunobu C-diaUcylation 
w i t h M e l d r u m ' s ac id to produce compound 87 i n 4 0 % y ie ld . S imi la r to the case o f the 
preparat ion o f the G l - M e l d r u m ' s acid, the i R - N M R signal o f the methylene protons 
i n i t i a l l y adjacent to the hyd roxy l groups was up - f i e ld sh i f ted f r o m 6 4.10 to 6 2.69 upon 
double C-aLkylation. 
D u e to the increasingly h igh hydrophob ic property o f the po lyhydrocarbon 
dendri t ic sectors, we began to experience some di f f icu l t ies i n conduct ing the 
hydrogenat ion reaction o f the unsaturated G 2 - M e l d r u m ' s acid derivative 87 in pure 
ethanol as i t was insoluble i n the reaction med ium. L i the end, a smal l amount o f T H F 
was added to the reaction mix ture to produce a homogenous solut ion. I n addition, 
pa l lad ium black was employed instead o f 10% pal ladium-on-charcoal as the catalyst in 
order to speed up the reaction. Unde r such condit ions, the saturated G 2 - M e l d n i m ' s 
ac id 88 was produced in 65% y ie ld f r o m compound 87. The saturated G 2 - M e l d r u m ' s 
acid 88，showed a relatively simple ^ H - N M R spectrum as aU pro ton signals were 
located between 6 0.86 and 5 1.98， indicating that the compound was devoid o f any 
o le f in ic protons. 
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Add i t i ona l evidence f o r the fo rmat ion o f above dendrimers were con f i rmed by 
their sat isfactory mass spectral data. Hence dendrimers 79 - 88 showed ions at 475 
( M - a c e t o n e + H + ) , 477 ( M - a c e t o n e + H + ) , 511 ( M + H + ) , 468 ( M + H + ) , 438 (M+)，437 
( M + H + ) , 494 ( M + H + ) , 463 ( M - H + ) , 980 (M-ace tone) and 1042 ( M + H + ) 
respect ively, w h i c h corresponded to their molecular ion peaks w i t h i n exper imental error. 
A s ment ioned i n the early part o f this chapter, we wished to synthesize a series 
o f t h e 5p3-hybr id izedcarbon centered po lyhydrocarbon dendrit ic f ragments in order to 
improve their solubi l i ty properties i n hexane. I n reaHty, we f o u n d that aU these 
po lyhydrocarbon-based dendrimers possessed exceUent solubi l i ty i n hexane and other 
non-po lar solvents. Moreover, the higher the generation number o f the dendritic 
f ragments, the less polar is the dendri t ic species. Fo r example, the GO-diester 69 could 
be e luted b y f lash chromatography on si l ica gel us ing hexane/ethyl acetate = 6/1 as the 
eluent. For G l - M e l d r u m ' s acid 80 and G 2 - M e l d r u m ' s acid 88，they cou ld be eluted by 
hexane/ethyl acetate = 30/1 and 100/1, respectively. 
A better contrast o f the solubi l i ty o f these dendrimers cou ld also be noted. 
U p o n base hydro lys is o f GO-diester 6 9，G l - M e l d r u m ' s acid 80 and G 2 - M e l d r u m ' s 
acid 88, the corresponding diacids 89 - 9 1 were produced. The pure GO-diacid 89 
exists as a crystaUine solid. I t does not dissolve i n hexane but is soluble i n relatively 
polar solvents such as ethyl acetate. For G l - d i a c i d 90, i t exists as colorless o i l and is 
on ly soluble in hexane/ethyl acetate = 20/1. For G2-d iac id 91，it is perfect ly soluble in 
pure hexane. 
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Et02c c02Et H02C c02H 
69 89 
^ - ^ 
C ^ 0 H O 2 C C O 2 H 
80 90 
Y ^ L ^ ! ! ^ ^ ^ ^ ^ ^ ^ ! ^ ^ ^ ^ ^ ^ ^ NaOH ^ y3v^<^^!/^^^^^^^^^^!^^^^^^^ 
^ ^ H O a C C O 2 H 88 91 
n i -3 Conclusions 
A series o f polyhydrocarbon-based dendrit ic fragments o f the zeroth to the 
second generation were prepared. Such fragments aU exhibited excellent solubi l i ty 
property in hexane and other non-polar solvents. These dendritic fragments, having 
funct ional groups such as carboxyl ic acid and alcohol at their focal point, may be used 
as useful intermediates for the connection to other functional i ty and to create functional 
dendrimers w i th usual solubi l i ty properties. For example, the saturated diacid 89 and 
the M e l d m m ' s acid derivatives 90 and 91，may be converted into the corresponding 
bis(oxazol ine) ligands31 for use as catalysts in D ie l s -A lde r reaction. 
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Chapter IV Summary 
The solvent effect on the rate o f copper(n)-catalyzed D ie ls -A lder reaction 
employ ing non-dendrit ic bis(oxazoline)-copper(II) complex was determined. Our 
kinetic investigation revealed that the reaction rate was faster in non-polar solvents such 
as hexane whereas i t was retarded in polar solvents such as D M F and ethanol. Such 
f ind ing was consistent w i th the counter Ugand effect described earUer by Evans.39 t i 
hexane solution, both the copper complex and dienophile were not soluble hence the 
D ie l s -A lde r reaction was performed under heterogeneous condition. 
I n order to improve the solubil i ty o f bis(oxazoline) ligands in hexane, a new 
series o f polyhydrocarbon-based dendritic fragments up to second generation were 
prepared by an iterative, convergent method. The surface sector o f the dendrimer was 
made up o f isopentyl groups, a methine group as the branch and a C3-propylene chain 
was employed as l inker. The key branching step in the synthesis involved double C-
aBcylation reactions o f diethyl malonate w i th two equivalents o f substituted aIlyl haUdes 
or o f M e l d m m ' s acid w i th two equivalents o f substituted al ly l alcohol under Mi tsunobu 
reaction conditions. The series o f polyhydrocarbon-based dendrimers possessed 
excellent solubiUty in hexane and other non-polar solvents. 
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Chapter V Experimental 
General section. 
l H - N M R spectra (300 M H z ) and l ^ C - N M R (75 .47MHz) spectra were 
recorded on a Br i i ker Advance D P X 300 spectrometer. M N M R measurements were 
carried out at r o o m temperature in deuter iochloroform wi th Me4Si ( T M S ) as internal 
standard unless otherwise specified. Chemical shifts are reported as parts per miUion 
(ppm) in 5 scale downf ie ld f r o m T M S . Coupl ing constant (J) are reported in hertz. 
Mass spectra were obtained on Br i iker A P E X 47e F T M S wi th l iqu id secondary-ion 
mass spectrometry O L - S M S ) method or electron spray ionizat ion (ESI) technique. The 
reported molecular mass (m/z) values, unless otherwise specified, were monoisotopic 
mass. Gas chromatography analysis was performed using a Hewlett Packard 5890 
series E gas chromatograph interfaced to a Hewlett Packard 3396 series E integrator. 
Separation was performed using J & W D B - 1 capil lary co lumn (32.8 m m i.d. x 25 m) 
under the condit ions indicated below. Elemental analysis were carried out at either 
Shanghai List i tute o f Organic Chemistry, Academic Sinica, China or M E D A C Ltd., 
Brune i Science Center, Cooper 's H i l l Lane, Egham, Surrey T W 2 0 OJZ, Uni ted 
K ingdom. 
M non-aqueous reactions were carried out under a dry nitrogen atmosphere 
w i th oven-dried (115。。) glassware. M reactions were monitored by thin layer 
chromatography (TLC) performed on Merck precoated silica gel 6OF254 plates, and 
compounds were visualized wi th a spray o f 5% w/v dodecamolybdophosphoric acid in 
ethanol and subsequent heating. Flash chromatography was carried out on columns o f 
M e r c k Keiselgel 60 (230 - 400 mesh). Unless otherwise stated, all chemical were 
purchased f r o m commercial suppliers and used without further purif ication. M 
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solvents were reagent grade. Dich loromethane and N ^ - d i m e t h y l f o r a m i d e were dist i l led 
f r o m CaH2 and stored over 4 k molecular sieves. Cyclopentadiene was f reshly dist i l led 
before use. Tetrahydrofuran ( T H F ) was f reshly dist i l led f r o m sodium>^enzophenone 
ke ty l under n i t rogen. 
Kinetic experiments - General. 
Unless otherwise indicated, anhydrous dichloromethane was the solvent used in 
the k inet ic experiments as weU as in prepar ing the stock solut ions. AU reactions were 
st i rred at 25.0 士 0 .1 °C in a temperature contro l under water bath and reactions 
mon i to red b y tak ing aliquots (2 p L ) at recorded t ime and analyzed by gas chromato-
graphy. For each aUquot, the integrated area under the dienophi le 23 (R) or D ie l s -A lde r 
cyc loadduct 25 (P) was corrected according to their sensitivity ratio and such ratio was 
determined b y inject ing a sample w i th k n o w n concentration o f R and P. The percent 
conversion fo r each reaction was evaluated according to the areas o f dienophi le and 
D i e l s - A l d e r adduct. G C condit ions: in jector temperature, 220 °C; detector temperature, 
250。C，FE) detector, 180 °C isothermal oven, 50 m L / m i n carrier gas f l o w rate; retention 
t imes, d ienophi le 2 3 (R) = 3.2 m in ; D i e l s - A l d e r cycloadduct 2 5 (P) = 8.5 m in . 
Kinetic experiments for obtaining the comparative rate of Diels-Alder reaction 
in different solvent systems using bis(oxazoline) copper(II) complex 57 as the 
model catalyst 
A stock metal complex solut ion ( A ) was prepared by charging a 2.00 m L 
vo lumetr ic flask w i t h bis(oxazoline) 57 (82.3 mg, 0.15 mmol)，Cu(OTf)2 (54.5 mg，0.15 
mmo l ) . A 2.00 m L stock solut ion (B ) o f dienophi le 2 3 (1.41 M ) was prepared by 
proper we igh ing and d i lu t ing to the mark. 
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T o ten reaction tubes were charged w i th 80 ^iL metal complex solut ion (A ) and 
60 \\L o f d ienophi le solut ion (B) . The reaction tubes were aU topped to 1.00 m L wi th 
each o f d r y solvents (i,e. hexane, dichloromethane, toluene, carbon tetrachloride, acetone, 
d ie thy l ether, 2% E t O H in hexane, 10% E t O H in hexane, T H F and D M F ) individuaHy. 
T o each o f these reaction tubes were then charged w i th 112 m g o f f resh ly dist i l led Cp. 
The resul t ing mix tures were st irred at 25.0 土 0.1 °C and aIiquots taken at recorded time 
and analyzed by gas chromatography as detai led i n the general condit ions. 
Experimental section for synthesis of the polyhydrocarbon-based dendritic 
fragments 
Unsaturated GO-diester 68. D i e t h y l malonate 67 (20 m L , 0.13 mo l ) was added 
dropwise to the mix ture o f sod ium ethoxide (17.9 g, 0.26 mo l ) i n ethanol (300 m L ) and 
st irred at r o o m temperature fo r 20 min. A f te r 20 min., 1 -chloro-2-methyl-2-butene 66 
(34.4 g, 0.33 mo l ) was added s lowly to the mixture. The reaction was then heated to 
re f lux under ni t rogen fo r 10 h w i th st i rr ing. The mixture was then cooled to room 
temperature fo l l owed by addit ion o f water (200 m L ) to dissolve the inorganic materials 
and extracted w i th diethyl ether (3 x 150 m L ) . The combined organic layers were 
washed w i t h brine, dr ied ( M g S O 4 ) and f i l tered. Concentrat ion o f the f i l trate under 
reduced pressure fo l l owed by f lash chromatography on si l ica gel (hexane/ethyl acetate = 
20/1 gradient to 9/1) af forded the unsaturated GO-diester 68 (31.2 g, 80 %) as a 
colorless l iqu id; Rf 0.87 (hexane/ethyl acetate = 6/1); 5 n 1.23 (6 H , t, J 7.2, 2 
OCH2C i f 3 ) , 1.59 (6 H , s, 2 CH3), 1.68 (6 H , s, 2 CH3), 2.58 (4 H , d, J 7.5, 2 CCH^C)， 
4.16 (4 H , q, J 7.2，2 OCH2) , 4.96 (2 H , t, J 7.2, 2 C = C H ) ; 6 c 14.0，17.8，26.0，30.7， 
57.6，61.0，118.0，135.1 and 171.5; m/z (EI ) 297 ( M + H + , 14%), 227 (100). Anal. 
Found: C 69.06, H 9.64. C17H28O4 requires C 68.89，H 9.52. 
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Saturated GO-diester 69. A mix ture o f the unsaturated diester 68 (29.9 g, 0.10 
mo l ) and 10% palladium-on-charcoal (2.9 g) in absolute ethanol (250 m L ) was stirred 
under an atmospheric pressure o f hydrogen at r oom temperature. A f te r 1 d, the 
suspension was f i l tered through a pad o f sil ica gel and the fi l trate concentrated under 
reduced pressure. The residue was pur i f ied by f lash chromatography on sHica gel 
(hexane/ethyl acetate = 20/1 gradient to 10/1) to give the compound 69 (26.8 g, 88%) as 
a colorless l iqu id ; i ^ 0 . 7 1 (hexane/ethyl acetate = 6/1); 5 n 0.88 (12 H , d, J 6.6, 4 CH3), 
0.97-1.05 (4 H , m , 2 CH2), 1.24 (6 H , t , 7 7 . 2 , 2 O G E ^ C ^ )，1 . 5 1 (2 H , septet, J 6.6，2 
C H ) , 1.83-1.89 (4 H , m，2 CH2C=C) , 4.18 (4 H , q , 7 7 . 2 , 2 0 0 ¾ ) ; 6c 14.1’ 22.5, 28.3, 
30.0，32.8，57.4, 60.9 and 172.0; m/z (EI ) 301 ( M + H + , 100%). AnaI. Found: C 67.71， 
H 10.41. C17H32O4 requires C 67.96, H 10.74. 
GO-CO2Et 70. A stirred mixture o f diester 69 (29.0 g, 0.097 mol) in 
d imethylsul fox ide (200 mL) , N a C l (57 g, 0.97 mol ) and water (10 m L ) was heated to 
ref lux i n a sand bath for 2 d. The mixture was cooled to room temperature fo l lowed by 
addit ion o f water (400 mL) . The aqueous layer was extracted w i th diethyl ether (3 x 
200 m L ) and the combined organic layers washed wi th brine, dr ied (MgSO4) and 
fi l tered. Concentration o f the filtrate under reduced pressure fo l lowed by f lash 
chromatography on sil ica gel (hexane/ethyl acetate = 25/1 gradient to 15/1) gave the 
monoester 70 (14.3 g, 65 %) as a colorless l iqu id ; Rf 0.80 (hexane/ethyl acetate = 6/1); 
6 n 0.87 (12 H，d , 7 6 . 6 , 4 CH3), 1.11 - 1 . 1 9 (4 H , m) , 1.26 (3 H , t , 7 7 . 2 , CH2CT3) , 1.45 
-1 .66 (4 H, m), 2.21 - 2.27 (1 H, m, C^CC^Et)，4.14 (2 H, q, / 7 . 2 , C i^CH�)；6c 14.3, 
22.4 (Me), 22.6 (Me，)，28.0，30.3，36.5, 46.1，60.0 and 176.5; m/z (EI) 229 ( M + H + , 
100%). Ana l . Found: C 73.61，H 12.41. C14H28O2 requires C 73.63, H 12.36. 
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GO-CHO 71. D i i sobu ty la lum inum hydr ide ( D f f i A L - H ) (46.7 m L , 46.7 mmol, 
1 M so lu t ion i n hexane) was added dropwise to a st i r red so lu t ion o f monoester 70 (10.7 
g, 46.7 m m o l ) i n d ry toluene (150 m L ) under n i t rogen at - 7 8 ^C. The temperature was 
raised to - 5 0 ^ C and the mix tu re st irred fo r an addi t ional 1 h. Excess ethyl acetate (100 
m L ) was added to quench the reaction fo l l owed b y addi t ion o f water (100 m L ) and 
d i lu ted H C 1 (50 m L , 1 M ) . The reaction mix ture was extracted w i t h d ie thy l ether (3 x 
50 m L ) . The combined organic layers were washed w i th brine, dr ied ( M g S O 4 ) and 
f i l tered. Concentrat ion o f the f i l trate under reduced pressure fo l l owed by flash 
chromatography on si l ica gel Oiexane/ethyl acetate = 20/1 gradient to 9/1) af forded the 
aldehyde GO-CHO 7 1 (5.4 g, 63%) as a colorless l iqu id ; Rf 0.91 (hexane/ethyl acetate 
= 6 / 1 ) ; 6 n 0.88 (12 H , d , / 6 . 6 , 4 CH3), 1.12 - 1.20 (4 H , m) , 1.40 - 1.71 (6 H , m)，2.14 
- 2 . 1 9 (1 H , m，OTCHO)，9.55 (1 H , d，J 3 .3，CHO) \ 5 c 22.4 (Me) , 22.5 (Me，)，26.7, 
28.1，36.2, 52.3 and 205.7; H R M S (L-SJMS) Ca lcd fo r C12H25O: 185.1900. Found: 
185.1911. 
(E)- and (Z)-unsaturated ester GO-CO2Me (E)-73 and (Z)-73. A mixture of 
the aldehyde 7 1 (0.71 g，3.85 mmo l ) and methyl(tr iphenyl-phosphoranyl idene)acetate 
72 (3.22 g, 9.63 m m o l ) i n dry T H F (40 m L ) was heated to re f lux under ni t rogen for 2 
d. The resul t ing mix ture was concentrated under reduced pressure and tr iphenyl-
phosphine ox ide was precipitated by addit ion o f hexane (70 m L ) . The mixture was 
f i l tered th rough a pad o f CeHte, and the f i l tered cake washed thoroughly w i th hexane 
(150 m L ) . The filtrate were concentrated and the residue pur i f ied by flash chromato-
graphy on si l ica gel (hexane/ethyl acetate = 20/1 gradient to 10/1) to provide the (E)-
and (Z)-unsaturated ester GO-CO2Me fEj-73 and (Z)-13 (0.89 g, 96 %, E:Z = 9:1) as 
an oi l ; Rf ((E)-73) 0.66，Rf ((Z)-73) 0.72 Oiexane/ethyl acetate = 6/1); Spectral data o f 
pure (£)-73:知 0.85 (6 H , d , 7 6 . 6 , 2 CH3), 0.86 (6 H , d , 7 6 . 6 , 2 CH3), 1.01 - 1.53 (10 
H , m) , 2.05 - 2.08 (1 H , m, C H C = C ) , 3.74 (3 H , s, CO2CH3) , 5.77 (1 H , d, J 15.6， 
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C H C i / C O 2 M e ) , 6.74 (1 H , d d , / 9 . 4 , 15.7, C ^ C H C C ^ M e ) ; 5 c 22.4 (Me) , 22.6 (Me，)， 
28.1, 32.3, 36.4, 43.2, 51.3, 120.5, 154.3 and 167.2; H R M S ( L - S M S ) Calcd fo r 
C15H29O2： 241.2162. Found: 241.2157. Ana l . Found: C 74.88, H 11.75. C15H28O2 
r e q u i r e s C 7 4 . 9 5 , H 1 1 . 7 4 . 
GO-CH2OH 74. D f f i A L - H (159 m L , 0.16 mol , 1 M solut ion i n hexane) was 
added dropwise to a st irred solut ion o f unsaturated ester (E)-73 and (Z)-73 (15.3 g, 
0 .064 m o l ) i n dry toluene (100 m L ) at 0 oC. A f t e r 2 h, the mix ture was quenched wi th 
excess e thy l acetate (150 m L ) fo l l owed by water (100 m L ) and di luted HC1 (75 mL, 1 
M ) . The reaction mix ture was extracted w i t h d iethy l ether (3 x 60 m L ) and the 
combined organic layers were washed w i th brine, dr ied ( M g S O 4 ) and f i l tered. The 
solvent was removed under reduced pressure and the residue pur i f ied by f lash 
chromatography on si l ica gel (hexane/ethyl acetate = 20/1 gradient to 10/1) to give the 
(E)- and {Z)-allylic alcohol GO-CH2OH 74 (9.27 g, 69%) as a colorless oil; Rf 0.33 
(hexane/ethyl acetate = 6/1); ^ 0.85 (6 H , d, 7 6 . 6 , 2 CH3), 0.86 (6 H , d, J 6.6，2 CH3), 
1.01 - 1.39 (9 H , m) , 1.44 - 1.55 (2 H，m), 1.82 - 1.92 (1 H , m , C H C = C ) , 4.10 (2 H , d, J 
5.9，CH2O), 5 .41 (1 H , dd, J 8.0, 15.3, C ^ = C H C H 2 0 H ) , 5.57 (1 H , dt, J 15.3，6.0， 
C H = O T C H 2 O H ) ; 6 c 22.5 (Me) , 22.7 ( M e ' ) , 28.1, 32.9，36.4, 42.9，63.8，128.5 and 
138.0; H R M S ( L - S M S ) Ca lcd fo r C14H27O: 211.2056. Found: 211.2061. 
Unsaturated Gl-Meldrum's acid 79. To a stirred solution of alcohol 74 (3.38 
g, 0.016 mo l ) , PPh3 (4.60 g, 0.017 mo l ) , and M e l d r u m ' s acid 78 (1.49 g, 0.010 mo l ) in 
toluene (70 m L ) at 0 ^C was added dropwise d i isopropy l azodicarboxylate ( D L \ D ) 
(3.53 m L , 0.018 mo l ) under N2. The reaction mixture was al lowed to stir at room 
temperature fo r 1 h and concentrated under reduced pressure. Hexane (60 m L ) was 
then added to precipitate the Ph3PO formed. The mix ture was f i l tered through a pad o f 
Celite and the fi l trate was concentrated. The residue was pur i f ied by f lash chromato-
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graphy o n s i l ica gel O^exane/ethyl acetate = 50/1 gradient to 20/1) to a f fo rd G1-
Meldrum's acid 79 (2.05 g, 4 8 % ) as a colorless o i l ; R f 0.47 (hexane/ethyl acetate = 
20 /1 ) ; 6 n 0 .84 (24 H , d , / 6 . 6 , 8 CH3) , 1.06 - 1.28 (16 H , m, 8 0 ¾ ) , 1.43 - 1.46 (4 H , 
m , 4 CHCH3)，1.68 (6 H , s, 2 CH3 i n Meldmm，s acid), 2 . 6 9 ( 4 H , d, 7 7 . 2 , 2 CH2C=C) , 
5.22 (2 H，dt, J 15.3, 7.2，2 C H 2 C i f = C ) , 5.35 (2 H , dd, J 8.4，15.3，2 C H 2 C = C ^ ; 5c 
22.5 ( M e ) , 22.7 (Me，)，28.1, 30.0，32.8, 36.5, 42.5，43.4, 55.7, 105.3, 121.7, 142.4 and 
168.9; m/z ( F A B ) 535 ( M + H + , 0.3%), 475 (M-ace tone+H+ , 50%) . Ana l . Found: C 
76.60, H 11.34. C34H60O4 requires C 76.64, H 11.35. 
Saturated Gl-Meldrum's acid 80. A mixture of Gl-Meldmm's acid 79 (2.05 g, 
3.85 m m o l ) and 10% paI ladium-on-charcoal (0.3 g) i n absolute ethanol (40 m L ) was 
st i r red at r o o m temperature under 1 atmospheric pressure o f hydrogen f o r 1 d. The 
extent o f t h e react ion was moni tored by ^ H N M R spectroscopy un t i l the disappearance 
o f signals at 6 5.20, 5 5.35 and 55.69. The mix ture was filtered th rough a pad o f sil ica 
gel and the f i l t rate concentrated. The residue was pur i f ied by f lash chromatography on 
si l ica gel (hexane/ethyl acetate = 50/1 gradient to 20/1) to provide the Gl-Meldrum's 
acid 80 (1.78 g, 86%) as a colorless l iqu id ; Rf 0.47 Oiexane/ethyl acetate = 20/1); 6 n 
0.86 (24 H , d , 7 6 . 6 , 8 CH3), 1.05 - 1.28 (26 H , m), 1.45 (4 H , sept, J 6.6, 4 C m i e 2 ) , 
1.73 (6 H , s, 2 CH3 in Meldmm，s acid), 1.95 - 2.00 (4 H , m, 2 CCH2)； Sc 22.7, 23.2， 
28.3，29.8’ 31.0，33.6, 35.8, 37.5, 39.8，55.0，105.4 and 169.6; m/z P D 477 ( M -
acetone+H+, 86%) . 
Gl-(CO2H)(CO2Me) 81. A mix ture o f G l - M e l d m m ' s acid 80 (1.49 g, 2.79 
m m o l ) and potassium hydrox ide solut ion (1 M , 2.79 m m o l ) i n M e O H / T H F y ^ 〗 。 
(5:1:1) was st irred at r o o m temperature fo r 20 m in . D i lu ted HC1 (10 m L , 1 M ) was 
added un t i l s l ight ly acidic as shown by p H paper. The mixture was di luted w i th water 
(10 m L ) and the aqueous layer was extracted by ethyl acetate (3 x 15 m L ) . The organic 
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layers were combined, dr ied (MgSO4) and f i l tered. Concentrat ion o f the product under 
vacuo g ive a pale ye l l ow residue and subsequently pu r i f i ed by f lash chromatography on 
s i l ica gel (hexane/ethyl acetate = 12/1 gradient to 5/1) to produce the acid-ester 8 1 
(1.44 g，98%) as a colorless o i l ; J^f0.60 (hexane/ethyl acetate = 3/1); 6 n 0.86 (24 H , d, 
/ 6 .6，8 CH3) , 1.06 - 1.31 (26 H , m) , 1.40 - 1.51 (4 H , m, 4 C m i e 2 ) , 1.84 - 1.93 (4 H, 
m , 2 CCH2) , 3.76 (3 H , s，OCH3); 5。21.6, 22.7, 28.4，31.0，33.7，34.6，35.8，37.3’ 52.6, 
57.8, 174.1 and 176.3; H R M S ( L - S M S ) CaIcd fo r C32H63O4： 511.4721. Found: 
511.4761. A n a l . Found: C 75.22, H 12.39. C32H63O4 requires C 75.24，H 12.23. 
Gl-CO2Me 82. A mix ture o f compound 81 (1.44 g, 2.83 mmol ) , d imethyl -
su l fox ide (100 m L ) , N a C l (1.65 g, 28.3 m m o l ) and water (5 m L ) was st irred and heated 
to re f lux under n i t rogen fo r 2 d and the mix ture was cooled to r o o m temperature 
f o l l o w e d b y addi t ion o f water (150 m L ) . The aqueous layer was extracted w i th diethyl 
ether (3 x 35 m L ) and the combined organic layers were washed w i th brine, dr ied 
(MgSO4) and f i l tered. Concentrat ion o f the f i l t rate under reduced pressure fo l lowed by 
f lash chromatography on siUca gel (hexane/ethyl acetate = 50/1 gradient to 30/1) to 
a f f o rd the Gl-monoester 82 (0.68 g, 52%) as a colorless l iqu id ; Rf 0.86 (hexane/ethyl 
acetate = 10/1); ^ 0.86 (24 H , d , 7 6 . 6 , 8 CH3) , 1.11 - 1.25 (30 H , m) , 1.38 - 1.53 (4 H , 
m, 4 C H M e 2 ) . 2.33 - 2.39 (1 H , m, C ^ C O 2 M e ) , 3.67 (3 H , s，OCH3); 5 c 22.7, 24.5, 
28.4，31.1，31.2，33.0, 34.5，35.8, 36.0, 37.6，45.7，51.2 and 177.1; mJ: (B I ) 468 ( M + H + , 
100%). Ana l . Found: C 79.87，H 13.33. C31H62O2 requires C 79.76，H 13.37. 
G l - C H 2 O H S 3 , D f f i A L - H (1.61 m L , 1.61 m m o l , 1 M solut ion i n hexane) was 
added dropwise to a st irred solut ion o f G l -monoes te r 82 (0.37 g, 0.80 m m o l ) i n dry 
toluene (50 m L ) under n i t rogen at 0 ^C and st irred for 2 h. The mix ture was quenched 
w i t h excess ethy l acetate (40 m L ) f o l l owed by water (30 m L ) and d i lu ted HC1 (20 mL , 1 
M ) . The reaction mixture was extracted w i th diethyl ether (3 x 20 m L ) and the 
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comb ined organic layers were washed w i th brine, dr ied ( M g S O 4 ) and f i l tered. The 
solvent was removed under reduced pressure and the residue pur i f i ed by f lash 
chromatography on siHca gel ^ iexane/ethyl acetate = 25/1 gradient to 15/1) to provide 
Gl-CH2OH 83 (0.33 g, 9 4 % ) as a colorless l iqu id ; Rf 0.49 (hexane/ethyl acetate 二 
10/1); 5 n 0.87 (24 H , d, J 6.6，8 CH3), 1.12 - 1.13 (30 H , m), 1.43 - 1.50 (4 H，m, 4 
CHMQ2l 1.90 - 2.02 (1 H , m , C M Z I ^ O H ) , 3.55 (2 H , d, J 5.4, C H 2 O ) ; 6 c 22.7, 24.0, 
28.4, 31.2，31.4, 34.1，35.9, 37.8，40.5 and 65.8; m/z (ET) 438 (M+，1%). Anal . Found: 
C 81.47, H 12.88. C30H62O requires C 82.11, H 14.24. 
G1-CH0 84. A mixture o f G l - a l c o h o l 83 (0.12 g，0.27 mmol ) , py r id in ium 
chlorochromate (0.064 g, 0.3 m m o l ) and a smal l amount o f 4 A molecular sieves in dry 
d ich loromethane (15 m L ) was stirred under n i t rogen at r o o m temperature fo r 3 h. The 
react ion solvent was removed under reduced pressure and hexane (60 m L ) added to 
precipitate the sol id. The mix ture was then f i l tered through a pad o f Celite and washed 
w i t h hexane (150 m L ) . The fi l trate was concentrated and the residue pur i f ied by f lash 
chromatography on si l ica gel (hexane/ethyl acetate = 50/1 gradient to 30/1) to a f fo rd the 
Gl-aldehyde 84 (0.093 g, 80%) as a colorless o i l ; i ^ 0 . 8 0 (hexane/ethyl acetate = 10/1); 
6n 0.86 (24 H, d,76.6, 8 CH3), 1.11 - 1.23 (30 H, m)，1.36 - 1.55 (4 H, m, 4 Ci^Me?)， 
2.20 - 2.33 (1 H , m, CHCHO)，9.54 (1 H , d, J 9.0, C H O ) ; 5 c 22.7, 24.2，28.4, 29.4， 
31.1, 33.7，35.9，37.6, 52.0 and 205.6; H R M S (L-SEVlS) Calcd fo r C30H6iO: 
437.4717. Found: 437.4761. 
(E)-unsaturated ester Gl-CO2Me (E)-S5. To a stirred solution of G1-CH0 84 
(2.51 g, 5.76 m m o l ) in dry T H F (100 mL) , methyl(tr iphenyl-phosphoranylidene)acetate 
72 (4.81 g，0.0144 m m o l ) was added and temperature raised to re f lux under ni t rogen for 
2 d. The reaction mixture was cooled and the solvent removed under pressure. Hexane 
(70 m L ) was added to precipitate the Ph3PO fo rmed and the mixture f i l tered through a 
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pad o f Cel i te. The f i l tered cake was washed thorough ly w i t h hexane (150 m L ) . The 
f i l t rate were concentrated under reduced pressure and the residue pu r i f i ed by f lash 
chromatography on si l ica gel Oiexane/ethyl acetate = 50/1 gradient to 40 /1) to provide 
the unsaturated ester Gl-CO2Me (E)-85 (2.74 g，96%) as a color less o i l ; Rf 0.62 
(hexane/ethyl acetate = 50/1); ^ 0.86 (24 H , d, J 6.6，8 CH3) , 1.12 - 1.31 (30 H , m), 
1.40 - 1.51 (4 H, m, 4 Ci^Me�)，2.14 - 2.17 (1 H, m, CHC=C), 3.73 (3 H, s, OCH3), 
5.79 (1 H , d, J 18，C=OTCO2Me), 6.75 (1 H , dd, J 18，8.5，Ci f=CHC02Me) ; 5 c 22.7, 
24.2，28.4, 31.1，31.3，33.6，34.9，35.8, 35.9, 37.7，42.6, 51.3, 120.5, 154.3 and 167.3; 
m/z (E I ) 4 9 4 ( M + H + , 53%) . Anal . Found : C 80.68，H 12.70. C33H64O2 requires C 
80.42，H 13.09. 
Gl-CH=CH-CH2OH 86. DffiAL-H (7.48 mL, 7.48 mmol, 1 M solution in 
hexane) was added dropwise to a st i r red so lu t ion o f G l - C O 2 M e 85 (1.75 g, 3.56 m m o l ) 
i n d ry toluene (50 m L ) under n i t rogen at 0 。 。 a n d st i rred f o r 2 h. The mix ture was 
quenched w i t h excess ethy l acetate (40 m L ) f o l l o w e d by water (30 m L ) and di luted HC1 
(20 m L , 1 M ) . The reaction mix ture was extracted w i th d iethy l ether (3 x 25 m L ) and 
the comb ined organic layers washed w i t h br ine, dry (MgSO4) and f i l tered. The solvent 
was removed under reduced pressure and the residue pur i f i ed by f lash chromatography 
on si l ica gel Giexane/ethyl acetate = 30/1 gradient to 20/1) gave the compound G1-
CH=CH-CH2OH 86 (1.55 g, 9 4 % ) as a colorless o i l ; Rf 0.33 (hexane/ethyl acetate = 
20/1); 5n 0.86 (24 H, d, J 6.6’ 8 CH3), 1.01 - 1.25 (30 H, m), 1.32 - 1.51 (4 H, m, 4 
C i ^ e 2 ) , 1.97 (1 H, m, C^CH=CH) , 4.10 (2 H，d, J 6.0, C^CCi^OH)，5.42 (1 H, dd, J 
8.5，15.5, C H = C H C H 2 O H ) , 5 . 5 9 (1 H , d t , J 15 .5 , 5 .8 , C H = O T C H 2 O H ) ; 8 � 2 2 . 7， 2 4 . 2， 
28.4，31.2，31.3,33.7，35.5，35.8，35.9，37.3，42.2, 63.9, 128.6 and 138.0; m/z (EI) 463 
( M - H + , 37%) . Ana l . Found: C 82.49, H 13.78. C32H64O requires C 82.68, H 13.88. 
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Unsaturated G2_Meldmm,s acid 87. T o a st i rred solut ion o f G l -a l l yUc 
a lcohol 86 (2.69 g，5.78 mmol ) , PPh3 (1.75 g, 6.65 mmol ) , and M e l d r u m ' s acid 78 
(0.54 g, 3.76 m m o l ) i n toluene (50 m L ) at 0 ^C was added dropwise DlAD (1.31 mL, 
6.66 m m o l ) under N2. The reaction mix ture was a l lowed to stir at r o o m temperature fo r 
1 h and concentrated. Hexane (50 m L ) was then added to precipitate the Ph3PO 
fo rmed. The mix ture was f i l tered th rough a pad o f CeHte and the f i l trate was 
concentrated. The residue was pur i f ied by f lash chromatography on si l ica gel 
(hexane/ethyl acetate = 100/1) to provide G2-Meldrum's acid 87 (1.20 g, 4 0 % ) as a 
colorless l i qu id ; Rf 0.53 (hexane/ethyl acetate = 3 0 / 1 ) ; 知 0.88 (48 H , d, J 6.6, 16 CH3), 
1.10 - 1.28 (60 H, m)，1.44 - 1.53 (8 H, m, 8 匚服巧)，1.68 (6 H, s, 2 CH3 in 
M e l d r u m ' s acid), 1.89 (2 H , m, C H C = C ) , 2.69 (4 H , d, J 6.9, 2 C=CCH2) , 5.27 (2 H , dt, 
J 15.2, 7.4, CH=C7 /CH2) , 5.39 (2 H , dd, J 8.6，15.2, OT=CHCH2); 6 c 22.7, 24.3, 28.4， 
30.0，31.1，33.8, 35.4, 35.9, 37.7，42.3，42.8, 55.9, 105.2，121.6, 142.4 and 168.8; m/z 
(VAB) 980 (M-ace tone, 50%). Anal . Found: C 80.96，H 13.02. C70H132O4 requires 
C 8 1 . 0 1 , H 1 2 . 8 2 . 
Saturated G2-Meldrum's acid 88. A suspension of the G2-Meldrum's acid 87 
(0.38 g, 0.37 m m o l ) and pa l lad ium black (0.1 g) i n absolute ethanol (15 m L ) and T H F 
(5 drops) was st irred at 40 oC under 1 atmospheric pressure o f hydrogen fo r 2 d. The 
extent o f reaction was moni tored by ^ H N M R spectroscopy unt i l the disappearance o f 
signals at 5 5.78 and 6 6.75. The mix ture was f i l tered through a pad o f si l ica gel and 
the f i l t rate concentrated. The residue was pur i f ied by f lash chromatography on si l ica gel 
Oiexane/ethyl acetate = 100/1) to a f fo rd the saturated G2-Meldrum's acid 88 (0.25 g, 
65%) as a colorless oi l ; Rf 0.53 (hexane/ethyl acetate 二 30/1); 5只 0.87 (48 H , d, J 6.6， 
16 CH3) , 1.12 - 1.25 (70 H，m), 1.41 - 1 . 5 2 (8 H , m , 8 C m i e 2 ) , 1.73 (6 H , s, 2 CH3 in 
M e l d r u m ' s acid), 1.95 - 1.98 (4 H , m, 2 C i ^ C ) ; 5 c 22.7, 23.2, 23.6, 28.4, 29.9, 31.2, 
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33.8, 33.9, 34.0, 35.9 ,37.2 , 37.8, 39.9，55.0, 105.4 and 169.5; m/z (E I ) 1042 ( M + H + ) . 
A n a I . Found : C 80.90，H 13.23. C70H136O4 requires C 80.70，H 13.16. 
General procedurefor synthesis ofGO, G1 and G2 diacids 89 - 91. A mixture 
o f ind iv idua l GO-diester 69 (1.0 m o l equiv.), G l - M e l d m m ' s acid 80 (1.0 m o l equiv.) 
and G 2 - M e l d r u m ' s acid 88 (1.0 m o l equiv.) was st i rred w i t h potass ium hydrox ide 
so lu t ion (5.0 m o l equiv., 4 M ) i n ethanol at 90。。for 1.5 d. (For G 2 - M e l d r u m ' s acid 
E t O H / T H F = 3:1 v / v was employed) . The mix tu re was cooled to r o o m temperature and 
neutra l ized w i t h d i lu ted HC1 (1 M ) un t i l the mix tu re was s l ight ly acidic as shown by p H 
paper. The aqueous phase was extracted w i t h ethyl acetate (3 x 20 m L ) and the 
comb ined organic layers were washed w i t h brine, dry ( M g S O 4 ) and filtered. The 
solvent was removed under reduced pressure and the crude substance pur i f ied as 
descr ibed i n the f o l l o w i n g text. 
GO-diacid 89. Th is was prepared f r o m GO-diester 69 and pur i f i ed by f lash 
chromatography on si l ica gel (hexane/ethyl acetate = 4 /1 gradient to 1/1) to a f fo rd GO-
diacid 89 (65%) as a colorless crystal, m.p. 138 - 140oC; 7?f 0.10 Oiexane/ethyl acetate 
= 1 / 1 ) ; 6 n 0.88 (12 H , d, J 6.6，4 CH3) , 1.07 - 1 . 1 5 (4 H , m , 2 0 ¾ ) , 1.53 (2 H , septet, J 
6.6，2 C/^Me2) , 1.94 - 1.99 (4 H , m，2 0 ¾ ) ; 5 c 22.3,28.1，33.7，34.1，57.6 and 176.9. 
Gl-diacid 90. Th is was prepared f r o m saturated G l - M e l d r u m ' s acid 80 and 
pu r i f i ed by f lash chromatography on si l ica gel ^exane /e thy l acetate = 6/1 gradient to 
3/1) to a f fo rd Gl-diacid 90 (68%) as a colorless o i l ; Rf 0.19 (hexane/ethyl acetate = 
3/1); 5 n 0.86 (24 H , d, J 6.6，8 CH3), 1.06 - 1.23 (26 H , m), 1.46 (4 H , septet, J 6.6，4 
C i ^Me2) , 1.92 (4 H , m, 2 CH2) ; 5 c 22.0, 22.7，28.4，31.0, 33.6，35.7，36.2, 37.3，57.7 
and 176.9. 
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G2-diacid 91. Th is was prepared f r o m saturated G2-Meldmm，s acid 88 and 
pu r i f i ed b y f lash chromatography on si l ica gel Oiexane/ethyl acetate = 10/1 gradient to 
5/1) to a f f o rd G2-diacid 9 1 ( 60%) as a colorless o i l ; Rf 0.15 (hexane/ethyl acetate = 
5/1) ; 6 n 0.87 (48 H , d , 7 6 . 6 , 16 CH3) , 1.12 - 1.25 (70 H , m), 1.45 (8 H , septet, J 6.6，8 
C H M & 2 ) , 1.94 (4 H , m, 2 CH2) ; 5 c 22.5, 22.7, 23.6, 28.4，29.4, 31.2，33.9，34.1, 35.9, 
37.1, 37.5, 37.8，57.6 and 176.0. 
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